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(54) Fuel tank having a multilayer structure 

(57) The prefisnt invention relates to a fuel tank hav- 
ing a multilayer structure, wherein a barrier layer is in 
direct contact with the fuel contained therein. The barrier 
layer of the stoictures of the invention constitutes one 
of the faces of the structure, i.e. it is not an inner layer 
of the structure. 

According to the invention it Is suggested that the 
multilayer structure comprises the following layers: 



a layar of binder, 

a second layer of EVOH or of a mixture based on 
EVOH, 

opbonally a third iayer of poiyamide (A) or of a mix- 
ture of polyamide (A) and poty olefin (B). 



a first layer of high density polyethylene (HDPE), 



< 

CO 



eg 



0. 

HI 
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Description 

[Field of the invention] 

5 [0001] The present invention relates to a fuel tank having a multilayer stiucture, wherein a oarrier layer Is In direct 
contact with the fuel contained therein. The barrier layer of the structures of the invention constrtutes one of the faces 
of the stmcture, I.e. n. is not an inner layer of the structure. 

[0002] The invention is useful for a fluid such as motor vehicle petrol, by avoiding losses through the structure so as 
not to pollute the environment. The structures of the invention are ol the type:' 
ic HDPE/barrier'layer 

and HDPE/binder/banier layer In which "HOPE" denotes high density poiyelhyiene. 

[Prior art] 

'ff [00O3] European Patent EP 742 236 describes petrol tanks consisting of five layers which are. respectiveiy: 

high density polyethylene (HOPE); 
a binder, 

a polyamide (PA) or a copolymer conlaining ethylene units and vinyl alcohol units (EVOH); 
- a binder, 

• HOPE. 

• [00O4] A sixth layer can be added between one of the layers of binder and one of the HOPE layers. This sixth layer 
consists of manufacturing scraps following moulding of the tanks, and to a rnuch smaller extent of non -compliant tanks. 
SB These scraps and non-compliant tanks are then ground until granules are obtained. Thie ground material Is then remett- 
e<j and extruded directly at the tank coextnislon plant. This ground material may also ba melted and regranulated by 
means of an extruding machine such as a twin-screw extruder, baford being reused. 

[0005] According to one variant, the recyclad product can be mixed with the HOPE from the two extreme layers of 
the tank. It is possible, for example, to mix The granules of recycled product with granules of virgin HOPE of these two 
30 layers. It is also possible to use any comt>ination of these two recyclings. The content of recycled material can represent 
up to 50% of the total weight of the tank.. 

[0006} European Patent EP 731 G06 describes a tube comprising an inner layer comprising a mixture of polyamide 
and of polyolef in with a polyamide matrix and an outer layer comprising a polyamide. These tubes based on polyamide 
are useful for transporting petrol and more particularly for bringing the petrol from the motor vehicle tank to the motor 
and also, but in larger diameter, for transporting hydrocarbons In service stations between the distribution pumps and 
the underground storage tanks. 

[QQ07] According to another form of that invention, a layer of a polymer comprising ethylene units and vinyl alcohol 
units (EVOH) can be placed between the inner and outer layers. The structure: inner layer/EVOH/binder/outer layer 
Is advantageously used. 

40 

{The technical problem] 

[0008] The tanks described in EP 742 236 which do not have the barrier layer In direct contact with the petrol do 
admittedly have barrier properties, but they are not sufficient when very low petrol losses are desired. EP 73i 308 
4s describes tubes whose outer layer is made of polyamide and the barrier layer in direct contact with the petrol, wherein 
the layer made of polyamide is necessary for the mechank:al strength of the assembly. Novel structures have now 
been found which have belter barrier properties and which are useful for various objects such as, Tor example, petrol 
tanks for nrkotor vahictes. 

so [Briaf description of the invention] 

[0000] The present invention relates to a stnjcture comprising, successively: 

a first layer of high density polyethylene (HOPE), 
^ • a layer of binder, 

• a second layer of EVOH or of a mixture based on EVOH, 

• - optionally a third layer of polyamide (A) or of a mixture of polyamide (A) and polyolef in (B). 
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[0010] In the text hereinbelow, th« second layer or the combinntton of the &dcond and the third l^yer is referred to 
as the "barrier layer". 

[Detailed dasciiption of the invention] ' 

5 

[0011] As regards the first layer, the high density polyethylene (HOPE) is described in KlrK-Othmer, 4th Edition, 
Vol. 17. pages 704 and 724-725. It is, according to ASTM D 1248-34, an ethylene polymer with a density at least equal 
to 0.940- The name HOPE relates both to ethylene homopolyniers and Its copolymers with small proportions of olefin. 
The density is advantageously between 0.940 and 0.965, In the present invemion. the MR of the HDPE is advanta- 

10 geously between O.t and 50. By way of example, mention may be made of Ettex B 2008® with a density of 0.958 and 
an MFI of 0.9 (in g/1 0 min at 1 90"C underz 1 6 kg), Rnathene® MS201 Bfrom FINA and Lupolen® 4261 AQ from BASF. 
[001 2] As regards the second layer, the EVOH copolymer is also referred to as a saponified eChylene-vinyt acetate 
copolymer. The saponified ethylene-vinyt acetate copolymer to be used according to the present invention is a copol- 
ymer wiih an ethylene content of from 20 Co 70 moRfc, preferably from 25 to 70 mol%, the degree of saponification of 

IS its vinyl acetate component not being less than 95 mDl%. With an ethylene content of less than 20 moP/o, the banier 
properties under conditions of high humidity are not as high as woukJ be desired, whereas an ethylene content ex- 
ceeding 70 mol% leads to reductions in barrier properties. When the degree of saponification or of hydrolysis is less 
than 95 mor%, the barrier properties are sacrificed. 

[0013] The expression "barrier properties' means the impermeabilily to gases, to liquids and In particular to oxygen, 
so and to petrol for motor vehicles. The invention relates more particularly to the barrier to petrol for motor vehicles. 

[0014] Among these saponified copolymers, those which have meli flow indkses, under hot conditions, in the rangs 

from 0.6 to 1 GO g/1 0 minutes are particularly useful. Advantageously, the MFI is chosen between 5 and 30 (g/1 C min 

at 230*C under 2.16 l<g), "MR", the abbreviation tor "melt flow index* denoting the flow rate In the molten state. 

[001 5] (t is understood that this sapomfiod copolymer can contain small proportions of other comonomer ingrodlents^ 
2s including a-olefins such as propylene, Isobuiene, a-octene, ot-ciodecene, a-octadecene, etc.. unsaturated carboxylic 

acids or salts thereof, partial alkyi esters, whole elkyl esters, ritriles, amides and anhydrides of the said acids, and 

unsaturated suiphonic acids or salts thereof. 

[0016] As regards the mixtures basad on EVOH. they are such that the EVOH forms the matrix, i.e. it represents at 
least 40% by weight of the mixture and preferatsiy at least 60%. The other constituents of the mixture are chosen from 
^ polyolefins, polyamides and optionally functional polymers. 

[0017] As a first example of these mixtures based on EVCH of the second layer, mention may be made of the 
compositions comprising (by weight): 

55 to 59.5 parts of EVOH copolymer 
35 . 0.5 to 45 parts of polypropylene and of compatibilizer, the proportions thereof being &uch that the ratio of the 
amount of polypropylene to the amount of competibtlizer is between 1 and 5. 

[0018] Advantageously, the ratio of the MFf of the EVOH to the MFI of the polypropylene is greater than 5 and 
preferably between 6 and 26. Advantageously, the MFI of the polypropylene is between 0.5 and 3 (In g/1 0 min at 230*C 

40 under 2.16 kg). According to one advantageous fonn. the compatibilizer is a polyethylene bearing polyamide grafts 
and it results from the reaction (i) of a copolymer of ethylene and of a grafted or copoiymenzed unsaturated monomer 
X, with (il) a polyamide. The copolymer of ethylene and of a grafted or copolymerized unsaturated monomer X is such 
that X is copolymerized and it can be chosen from ethyiene-maieic anhydride copolymers and ethyiene-alkyl (melh) 
aciylate-maleic anhydride copolymers, these copolymers comprising frcxn 0.2 to 1 0% by weight of maleic anhydride 

4ff and from O to 40% by weight of aJkyl (meth)acrylate. According to another advantageous fomn, the compatibilizer Is a 
polypropylene bearing polyamide grafts which reautts from the reaction (1) of a propylene homopolymer or copolymer 
comprising a grafted or copolymerized unsaturated nnonomer X, with (ii) a polyamide. Advantageously, X is grafted. 
The monomer X is advantageously an unsaturated carboxylic acid anhydride such as, for example, maleic anhydride. 
[OOld] As a second example of these mixtures ba««d on EVOH of the second layer, mention may be made of 

so compositions comprising: 

50 to 98% by weight of an EVOH copolymer 
1 to 50% by weight of a polyethylene 

1 to 1 5% by weight of a compatibilizer consisting of a mixture of an LLDPE polyethylene or metallocene and of a 
ss polymer chosen from elastomers, very low density polyoihylenes and metallocenepolyethylenes, the mixture being 

CO- grafted with an ur\saturat8d carboxylic acid era functional derivative of this acid. 

[0020] Advantageously, the compatibilizer is such that the ratio MFI^q/MFI2 Is behwcen 5 and 20, in which MFI^ is 
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The mass me»t flow index at 190'C under a load of 2.16 kg. measured according to ASTM Dl23d, and MFI,q is (he 
maa« mett flow index at 190*C under a I ad oMO kg according to ASTM D1238. 

[0021] As a Uifrd example of these mixtures based on EVOH Of the sec nd layer, mention may be made of 
compositions comprising: 

5 

- 50 to 98% by weight of an EVOH copolymer 

- 1 to 50% by weight of an ethylene- alky I (meth)ac7iate copolymer, 

- 1 to 15% by weight of a compatibilizer resulting from the reaction (i) of a copolymer of ethylene and of a grafted 
or copolymerized unsaturated monomer X with {ii) a copoiyamlde. 

10 

[0022] Advantageously, the copolymer of ethylene and of a grafted or copolymerized unsaturated monomer X is 
such that X IS copolymerized and it is a copolymer of ethylene and of maleic anhydride or a copofymer of ethylene, of 
an alky! (meth)acrylate and Of maleic anhydride. Advamageously. these copolymers comprise from 0.2 to 10% by 
weight of maleic anhydride and from 0 to 40% by Weight of alkyi (meth)acrylate. 
15 10023] As regards the polyamlde <A) and the mixture ot polyomlde <A) and polyolefin (B) of the third iayer, 
the term "polyamlde" means the toUowIng products of condensation: 

of one or more amino acids, such as aminocaproic acid. 7-aminoneptanoic acid. 11 -aminoundecanoic acid and 
12-aminododecanoic acid of one or more lactams such as caprolactam. oenantholaclam and laiiryilaclam; 
^0 . - of one or more salts or mixtures of diamines such as hexamcthy ten ©diamine, dodecamethylenedlamine, meta- 
xylyienadiamlnQ, bis(p-aminocyclohexyl)methane and trimethylhexamathylsnediamina with diacids «uch as iso- 
phthalic acid, terephthalic acid, adipic acid, azetalc acid, suberic acid, aebacie acid and dodecanedicarboxylic acid. 

[0024] As examples of polyamides, mention may be made of PA 6 and PA 6-6.. 

ifs [0025] It Is also advantageously possible to use copolyamidefi. Mention may be made Of the copolyamidas resulting 
from the condensation of at least two a.cft-ammocarboxylk; acids or of two lactams or of one lactam and one ct^ea - 
aminocarboxylic acid. Mention may also be made of the copolyamldes resulting from the condensation of at least one 
a,o-aminocarboxyiic acid (or a lactam), at least one diamine and at least one dicarboxylic acid. 
[0026] As examples of lactams, mention may be made of those containing from 3 to 1 2 carbon atoms on the main 

$0 ring and which can be substituted. Mention may be made, for example, of p,p-dimethylpropio lactam, a,& -dimethylpns- 
piolactam, amylolactam, caprolactam. capfyllactam and lauryllactam. 

[0027] As examples of a.co-aminocarboxylic acids, mention may be made of aminoundecanoic acid and aminodo- 
decanoic acid. As e^camples ot dicarboxylic acids, mention may be made of adipic acid, sebacic acid, Isophthalic acid, 
butanedioic acid. 1 ,4-cyciohexanedicarboxylic acid, terephthalic add, sodium or lithium salts of sulphoiso phthalic acid, 
3$ dimerized fatty adds (these dimarized fatty acida have a dimar content of at least 98% and are preferably hydrogenated) 
and dodecanedioic acid HOOC-(CHg)io-COOH. 

[0028] The diamine can be an aliphatic diamine containing from 6 to 1 2 atoms, it can be arylk: and/or saturated cyclic. 
As examples, mention may be made ct hexamethyl en ecfi amine, piperazine, tetramethylenediamine, octamGihyiane- 
diamine. decamethylenediamlne, dodecamethyienediamlne, 1 .5-diaminohexane, 2.2,4-trimethyl-1,6'diaminohexane, 
40 diaminepolyols, Isophoronediamine (IPD), methylpcntamethylenediamine (MPDM), bls(aminocyclohexyl)methane 
(BACM) and br8(3-methyl-4-aminocyclohexyl)methane (BMACM). 

[0029] As examples of copolyamides. mention may be made ot copolymers of caprolactam and of lauryllactam (PA 
6/1 2), copolymers of caprolactam. Of adipic acid and of hexamethylenediamine (PA 6/6-6), copolymers of caprolactam. 
of lauryllactam. of adipic acid and of hexamethylenediamine (PA 8/1 2/6-e), copolymers of caprolactam, of lauryllactam, 
<5 of 11 -aminoundecanoic add, of azelaic acid and of hexamethylenediamine (fA 6/6-9/1 1/12), copolymers ot caprol- 
actam, of lauryilaciam, of 11 -aminoundecanoic acid, of adipic acid and of hexamethylenediamine (PA 6/6-6/11/1 2) and 
copolymers of lauryllactam, of azelat add and of hexamethylenediamine (PA 6-9/12). 

[0030] Advantageously, thecopolyamide is chosen from PA 6/1 2 and PA 6/6-6. Tha advantage of these copolyamides 
iG that their melting point te less than that of PA 6. 

5Q (0031] It Is also possible to use any amorphous polyamide whksh has no melting point. 

(0032) The Mf\ of the polyamides and mixtures of polyamide and ot polyolefin of the present invention is measured 
according to the rules of the art at a temperature of 15 to 20*C above the melting point of the polyamide. As regards 
the mixtures based on PA 6. the MFI Is measured at 23S*C under 2.1 6 kg. Aa regards the mixtures based on PA 6-6, 
the MFI Is measured at 275*C under 1 kg. 

SS [0033] Polyamide mixtures can be used. Advantageously, the MFI of the polyamides is between 1 and 50 g/10 min. 
(0034] It would not constitute a departure from the context of the invention to replace some of the poiyamWa (A) with 
a copolymer containing polyamide blocks and polyether blocks, i.e. to use a mixture comprising at least one of the 
above polyamides and at least one copolymer containing polyamide blocks and polyether blocks. 
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[0035] The copolymara contAining polyamide blocks and polyether blocks result from the copolycondenaAtion of 
potyam de sequences containing ends that are reactive with polyether sequences containing reactive ends, such as. 
inter all a: 

s 1) F oiyamide sequences containing dia/nlne chain ends wrth potyoxyalkylene sequences containing dicarboxytic 

cha n ends. 

2) p3lyamide sequences containing dicarboxyllc chain ends with polyoxyalkylene sequences containing diamin 
chain ends, obtained by cyanoethylatlon and hydrogenatlon of a.co-dihydroxytated aliphatic pofyoxyalkylene se- 
quences known as potyetherdiols. 
10 3) polyannide sequences containing dicarboxyttc chain ends yyith polyetherdlots, the products obtained being, in 

this specific case, polyethereste ram ides. These copolymers are advantageously used. 

[0036] The potyamide sequences containing dicarboxylic chain ends originate, for example, from the condensation 
of a ,u>-aminocarboxyliG acJds, lactams or dicarboxylic acids and diamines in the presence of a chain-limiting dicarbo- 
is xylicacid. 

[00371 The polyether can be, for example, a polyethylene gJycol (PEG), a polypropylene glycol (PPG) or a polyte- 
trametnylene glycol (PTMG). The latter is also known as polytetrahydroturan (PTHF). 

[0038] The number-average molar mass ot the poiyamide sequences Is between 300 and 1 6,000 and preferably 
between 600 and 5000. The mass M„ of the polyether sequences is between 100 and fiOOO and preJerably between 
so 200 and 3000. 

[0039] The polymers contarnlng poiyamide bloclcsand polyether blocks can also comprise randomly distributed units. 
These polymers can be prepared by the simuttaneoue reaction of the polyether and of poiyamide block precursors. 
[0040] For example, it is possible to react polyetherdtol, a lactam (or an ot,Ci>-am(no acid) and a chain-limiting diacid 
in the presence of a small amount of water. A polymer is obtained essentially containing polyether blocks, poiyamide 
ss blocks of very variable length, but also various reagents which have reacted randomly and which are distributed ran- 
domly along the. polymer chain. 

[0041] Whether They originate imm the copolycondeneation of polyamde and polyether ssquences prepared previ- 
ously or from a one-step reaction, these potymers containing poiyamide blocks and polyetherblocke have, for example. 
Shore D hardnesses which can be between 20 and 75 and advantageously between 30 and 70, and an inherent 
30 viscosity of between 0.8 and 2.6, measured in meia<re80l at 250**C for an initial concentration of O.B g/100 ml. The 
Mf\ values can be between 5 and 50 (235^C under a load of 1 kg). 

[0042] The polyethendiol blocks are either used as they are and copolycondenaed wfth poiyamide blocks containing 
carboxylk: ends, or they are aminaied so as to be converted into polyetherdiamines and condensed with potyamide 
blocks containing carbcxylic ends. They can also be mixed with polyannide precursors and a chain-limiter in order to 
5s make polymers containing poiyamide blocks and polyether blocks having randomly distributed units. 

[0043J Poiymers containing poiyamide and polyether blocks are descnTsed in US patents 4 331 7B8, 4 1 1S 475. 4 
1 95 015. 4 839 441 , 4 864 014, 4 230 838 and 4 332 920. 

[0044] The ratio of the amount of copolymer containing poiyamide blocks and polyether blocks to the annount o1 
poiyamide is. on a weight basis, advantageously between 10/90 and 60/40. Mention may be made, for example, of 
mixtures of (i) PA 6 and (ii) copolymer containing PA 6 blocks and PTMG btecka and mixtures of (I) PA 6 and (li) 
copolymer containing PA 12 blocks and PTMG blocks. 

[0045] As regards the polyolefin (B) Of the mbcture of poiyamide (A) and potyolef tn (6) of the third layer, it can 

be functionaiized or non-tunctionalized or can be a mixture of at least one functionallzed and/or of at least one non- 
functlonallzed- For simplicity, functionallzed polyolefins (Bl) and non-functionalized polyolefins (B2) have been de- 
4S scribed below. 

[0046] A non-functlonallzed polyolefin (B2) is conventionally a homopclymer or copolymer of a-olefins or of diolefina 
such as, for example, ethylene, propylene, 1 -bulene, 1 -oclene or butadiene. By way of example, mention may be made 
of; 

GO . polyethylene homopolymers and copolymerB, in particular LDPE, HOPE, LLDPE (linear low density polyethylene), 
VLDPE (very low density polyethylene) and metallocene polyethylene, 
propylene homopofymers or copolymers. 
- ethylene/a-oiefin copolymere such as ethylene/ propylene, EPR (abbreviation for ethy tene-propylene-rubbeO and 
• ethylene^ropytene/diene (EPDM). 
55 , styrene/ethylene-butene/atyrane (SEBS), styrene/butadiena/atyrene (SB$). styrene/isoprene/styrene (SIS) orsty- 
rene/ethylene-propylene/etyrena (SEPS) block copolynf>ara. 

copolymers of ethylene with at least one product chosen from unsaturated carboxylk: acid salts or esters, such as 
alkyi (meth)acrylate (for example methyl acrylate), or saturated carboxylk: acid vinyl esters, such as vinyl acetate. 
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it being possibi for the proportion of comonomer to b& up to 40% by weight. 

[0047] The tuncti naliz d polyoietin (B1 ) can be an a-olefin polymer containing reactive units (functionalities): such 
reactive unte are acid, anhydride or apoxyfiinctione. Byway of example, mention nnay bemadeof the above potyolef ins 

5 (B2) Hrafted or co- or terpolymerized with unsaturated epoxides such as glycidyl (meth>flcrylate, or with carboxylic 
acids or the corresponding salts or esters such as (nneth}acryllc acid (tt being possible for the tatter to be totally or 
partially neutralized with metals such as Zn, etc.) or alternatively with anhydrides of carboxylic acids such as maieic 
anhydride. A functionaitzed polyolefin ts, for example, a PE/EPR mixture, in which the weight ratio can vary within a 
wide range, for example between 40/60 and 90/1 0, the said mixture being co-grafted with an anhydride^ in particular 

«o maieic anhydride, according to a degree of grafting of. tor example^ from 0.01 to 5% by weight. 

[0048] The functionaJized polyolefin {B1 ) can be chosen from the following (co)polymers, grafted with maieic anhy- 
dride or glycidyl methacrylaie. in which the degree of grafting is, for example, from 0.01 to 5% by weight: 

PE, PP, copolymers of ethylene with propylene, butene. hexene or octene containing, for example, from 35 to 80% 
76 by weight ot ethylene; 

ethylene/a-olef In copolymers such as ethylene/ propylene copolymers, ERR (abbreviation for ethylenepropylane- 
rubber) and ethylene/propylenc/dlene (EPDM) copolymers. 

styrene/ethyhlene-butene/styrene (SEBS), styrene/ butadiena/styrene (SBS), styrene/tsoprene/styrene (SIS) or 
slyrene/ethylene-propyiene/siyrene (SEPS) block copolymers. 
20 - ethylene -vinyl acetate (EVA) copolymers containing up to 40% by weight of Vinyl acetate; 

copolymers of ethylene and of aikyi <meth)acrylate, containing up to 40% by weight of alkyi (meth) aery late; 
ethyiene-vinyl acetate (EVA) and alky I (mekh)acrylate copolymers, containing up to 40% by weight of comonomers. 

[0049] The functionalizod polyolefin (Bl) can alec be chosen from ethylena/propylonQ copolymors predominantly 
fl5 containing propylene grafted with maieic anhydride and than condensed with monoamino potyamide (or a polyamide 
oligomer) (products described in EP-A^ 342 066). 

[0050] The functionalized polyolatin (Bl) can also be a co- or terpolymer of at least the following units: (1 ) ethylene, 
(2) alkyI (meth)acryfate or saturated carboxylks acid vinyl ester and (3) anhydride such as mateic anhydride or (meth) 
acryttc acid or epoxy such as glycidyl (meth)acrylatB. Examples of functionalized polyoleflns of the latter type which 
30 may be mentioned are the following copolymers, in which ethylene preferably represents at least 60% by weight and 
In which the termDnomar (the function) represents, for example, from 0.1 to 1 0% of the weight of the copolymer 

ethylene/alkyl (meth)acry1ate/(meth)acrylic acid oc maieic anhydride or glycidyl melhaciylate copoiymers; 
ethylene/vinyl acetate/male ic anhydride or glycidyl n^ethacrylate copolymers; 
55 - ethylene/vinyl acetate or alkyI (mflth)acrylaie/(meth)acrylic add or maieic anhydride or glycidyl methacrylate co- 
polymers, 

[0051 ] In the preceding copolymers, the (meth)acrylic acid can be salified with Zn or Li. 

[0052] The term "alkyi (meth)acrylate" in (B1 ) or (B2) denotes C1 to CB alkyI methacrylales and acrylates and can 
40 be chosen from methyl acrylate.. ethyl acrylate, n-butyl acryiate. isobutyl acrylate. 2-ethylhexyl acrylake. cyclohexyl 
acryiate, methyl methacrylate and ethyl methacrylate. 

[0053] Moreover the abovementtoned poiyolefins (B1) can also be crosallnked by any suitable process or agent 
(diepoxy, diacid, peroxide, etc.); the expression functionalized polyolefin* also comprises mixtures of the abovemsn- 
tioned poiyolefins wrth a difuncttonat reagent such as diacid, dlanhydhde, diepoxy, etc. which can react with the latter 
46 or mixtures of at least two functionalized poiyolefins which can react together. 

[0054] The copolymers mentioned above. (Bi) and (B2), can be copolymerlzed in a random or block manner and 
can have a linaar or branched structure. 

[0055] The molecular weight, the MFI index and the density of these poiyolefins can also vary within a wide range, 
whteh a person skilled in the art will appreciate. MFI. the abbreviation for rnelt flow Index, is the flew rate in the molten 

BO state. It is measured according to ASTM standard 

[0056] Advantageously, the non-functionalized poiyolefins (62) are chosen from polypropylene homopolymers or 
copolymers and any hcmopolymer of ethylene or copolymer of ethylene and ot a comonomer ot higher a-olefinic type 
such as butene, hexene, octene or4-methyl-1 -penlene. Mention may be made, foroxample, of PPs, high density PEe, 
medium density PEs, linear low density PEa, low density PEa and very low density PEs. These polyethylenes are 

S5 known by those skilled in the art as being produced according to a "radtoal -mediated" process, according to a catalysis 
of "Ziegler* type or, more recently, according to a so-called "metal locane' catalysis. 

[0057] Advantageously, the functionalizod poiyolefins (B1 ) are chosen from any polymer comprising a-olefinic units 
and units bearing reactive polar functions such as epoxy, carboxylic acid or cart»xylk: acid anhydride functtons. As 
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examples of such poiymerB, mention may b made of the t rpolymers of ethylene, of Alkyl flc/ylate And of malet 
anhydride or of glycidyl methacrylate, such a& the products Loiader® from ELF Atochem S.A. or polyolefins grafted 
with maleic anhydride, such as the products OrevacOfrom ELF Alochem S.A.'. as well as terpotymers of ethylene, of 
alkyi acfylate and of (meth)aaylic acid. Mention may also be made of polypropylene homopolymer& or copolymers 
s grafted with a carboxyllc acid anhyoride and then condensed with polyamidea or monoamine polyamide oligomers. 
[0058] The MFI 0I (A) and the MFI of (B1) and (B2) can be chosen within a wide range, but it is recommended, in 
oraerto racilitat© the dispersion of (B), that the MR of (A) oe greater than that of (B). 

[0059] For small proportions of (B). for example 1 0 lo 15 parts, it is sufficient to use a non-functionalized potyolefln 
(B2). The proportion of (B2) and {B1 ) in the phase (B) depends on the amount of functions present in (B1 ) as well as 
to their reactivity. Advantageously; (B1)/(B2) weight ratios ranging from 5/35 to 15/25 are used. For small proportions of 
(6), it is also possible to use only one mixture of potyolefins (B1} to obtain crosslinking. 

[0060] According to a firat preferred form of the Invention, the polyolofin (8) comprises (i) a high density poly- 
ethylene (HOPE) and (ii) a mixture of a polyethylene {CI ) and a polymer (C2) chosen from elastomers, very low density 
polyethylenea and ethylene copolymers, the mixture (CI) + (C2) being co-grafted with an unsaturated carboxylic acid. 
IS [0061 ] According to a second preferred form of the Invention, the polyolefin (B) comprises (i) polypropylene and 
(il) a polyolefin which results from the reaction of a polyamide (C4) with a copolymer tC3) comprising propylene and 
a grafted or copoiymeri2ed unsaturated monomer X. 

[OOSa] According to a tnird preferred form of the Invention, the polyolefin (B) comprises (i) a polyethylene of 
LLDPE, VLDPE or meLallocene type and (II) an elhylene-alkyl (melh)acrylate-malelc anhydride copolymer. 
£0 [0063] According to a fdurth preferred form of the Invention, the polyamide <A) is chosen from mixtures of 

(i) polyamide and (ii) copolymer containing PA 0 blocks and PTMG blocks and mixtures Of (0 polyemide and 

(ii) copolymer containing PA 1 a blocks arjd PTMG Wocks; the ratio of the amounts of copolymer and of polyamide 
by weight being between 1 0/90 and 60/40. According to a first variant, the polyolefin (B) comprises (I) a polyethylene 

S5 of LLDPE. VLDPE or metaliocene type and 

(ii) an ethyiene-alkyl (meth)acrylate-maleic anhydride copolymer; according to a second variant, the polyolefin 
compriaes two funetionalized polymers comprialng at least 50 mol% of ethylene units and which can react to form 

a crossiinkedphase. 

so [0064] As regards the first fonrii the proportions are advantageously as follows (by weight): 
60 to 70% of polyamide, 

5 to 15% of the co-grafted mixture of (01) and (C2) 
the remainder being high density polyethylene. 

[0065] As regards the high density polyethylene, its density is advantageously between 0.940 and 0.965 and the 
fAF\ between 0.1 and 6 $/10 min (190»C, 2.16 kg). 

[0066] The polyethylene (01) can be chosen from the polyethylenea mentioned above. Advantageously, (01) is a 
high density polyethylene (HOPE) with a derisity of between 0.940 and 0.985. The MFI of (CI) is (under 2.16 kg - 

^ ISO^C) between 0.1 and 3 9/I0 min. 

[0067] The copolymer (02) can be, for example, an ethylene/propylene elastomer (EPR) or ethylene/ propylene/ 
diene elastomer (EPDM). (02) can also be a very low density polyethylene (VLDPE) which is either an ethylene 
homopolymer or a copolymer of ethylene and of an a-olefln. (C2) can also be a copolymer of ethylene with at iaasr 
one product chosen from (i) unsaturated carboxylc acids, salts thereof, esters thereof, (ii) vinyl esters of saturated 

45 carboxyllc acids, (ill) unsaturated dlcarboxylte acltis, their salts, their esters, their hemiesters and iheir anhydrides. 
Advantageously, (C2) Is an EPR. 

[00681 Advantageously, BO lo 96 parts of (CI) are used per 40 lo 5 parts of (C2). 

[0069] The mixture of (6I ) and (02) is grafted with an unsaturated carboxylic acid, Le. (CI ) and (02) are co-grafted. 
It would not constttute a departure from the context of the inventton to use a functional derivative ot this acid. Examples 
50 of unsaturated carboxyDc acids aro those containing from 2 to 20 carbon atoms, such as acrylic actd, methacrylic acid, 
maleic acid, fumeric acid or itaconic acid. The functional derivatives of these acids comprise, for example, the anhy- 
drides, the eater derivatives, the amide derivatives, Ihs imide derivatives and the metal salts (such as the alkali metal 
salts) of unsaturated carfaoxyfic acids. 

[0070] Unsaturated dfcarboxylc acids containing4 to 10 cartion atoms andTunctional derivatives thereof, particularly 
55 their anhydrides, are grafting monomers that are particularly preferred. These grafting monomers comprise, for exam- 
pie, malaic acid, fumarie acid, itaconic acid, citraconic acid, allylsuccinic acid, 4-cyclohexane-l .2-dlcarboxylic acid, 
4-methyl-4-cyclohexene.1 ,2-dicarboxylk: add, bicyclQ(2,2.1)hcpt-5-ene-2.3-dicarbosfyliC acid. x-mathylbicyclo(2,2,1)- 
hept-S-ene-2.3'dicarboxylto acid, maleic anhydride, itaconic anhydride, citraconic anhydride, allylsuccinto anhydride, 
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4-cyctc nexene-1 ,2-dicarboxyJic anhydride, 4-methylfind^-cyclohexen&-1 ^•dicarboxylic anhydride, bicyclo(2»2,1) 
hept-5' ene-2,3-dicarboxylic anhydride and x-methyibicyclo(2,2,1)hept-5-ene-22-dicartoxylic anhydnde. MaJeic anhy- 
dride U advantag ousJy used. 

[0071] Various known procfissas can be used to graft a grafting monomer onto the mixture of (C1) and (C2). For 
s exampi this can be carried out by heating the polymers (C1) and (C2) to high temperature, about 150**C to about 
300'C, n the presence or absence of a solvent with or withoul a radical-generator 

[0072] in the mixture of (CI) and (C2) modified by grafting, obtained in the abovementioned manner, the amount of 
the grafting monomer can be chosen in an appropriate manner, but is preferably from 0.01 to 1 0%, better still from 600 
ppm to 3%, mlailve to the weight of grafted (C1) and (C2). The amount of the grafted monomer is determined by 
10 assaying the succinic functions by FTIR epectroscopy The MFI of (CI ) and (C2) which have been co-grafted is from 
5 to 30 g/10 min (190'C - 2.16 kg), preferably 13 to 20- 

[0073] Advantageously, the nnixture of co-grafted (CI) and (02) is such that the MFI^gf^MFIs ratio is greater than 1 8.5, 
MFlio denoting the flow rate at 180'C under a load of 10 kg and MFlg denoting the flow rate under a load of 2.16 kg. 
Advantageously, the MFIgo of the mixture of co-grafted potymers (01) and (C2) is less than 24. MFI20 denotes the flow 
IS rate at 1dO*C under a load of 21 .6 kg. 

[0074] Aft regards the second form of the invention, the proportions are advantageously as follows (by weignt): 

60 to 70% of polyamlde, 
20 Lo 30% or polypropylene 

^ 3 to 10% of a polyolefin which results from the reaction 0I a polyamide (C4) with a copolymer (C3) comprising 

propylene and a grafted or co polymerized unsaturated monomer X. 

[0076] The MFI of the polypropylene is advantageously less than 0.5 g/10 min (ZSO^C - 2.16 kg) and preferably 
between 0,1 and 0.5. Such products are descnlaed rn EP 647 681. 

2S [0076] The grafted product of this second form of the invention is now describad- To begin with, (C3) is prepared, 
which is either a copolymer of propylene and of an unsaturated monomer X or a polypropylene onto which ie grafted 
an unsaturated nnonomer X. X is any unsaturated monomer which can be copolymerized with the propylene or grafted 
onto the polypropylene and which has a function that can react with a polyamlde. This function can be. for example, 
a carboxylic acid, a dicarboxyiic acid anhydride or an epoxide. As examples of monomers X. n^ention may be made 

30 of (meth)acrylte acid, maleic anhydride and unsaturated epoxides such as glycidyl (me:h)acryiate. Malelc anhydride 
Is advantageously used. As regards the grafted polypropylenas, X can be grafted onto polypropylene homo- orcopol- 
ymera, such as ethylene-propylene copolymers predominantly containing propylene (in moles). Advantageously, (C3) 
is such that X is grafted. The grafting is an operation whk:h is known per se. 

[0077] (C4) is a polyamide or a polyamide oligomer Polyamlde oligomers are described in EP 342 066 and FR 2 
35 291 225. The polyamides (or Oligomers) (C4) are the products of condensation of the monomers already mentioned 
above. 

[0078] Mixtures of polyamides can be used. PA-S, PA-11, PA 12, the copolyamrde containing units 6 and units 12 
(PA-6/12) and the copolyamlde based on caprolactam, hexamethylenediamine and adipic acid (PA -8/6.6) are advan- 
tageously used. The polyamides or oligomers (C4) can contain acid» amine or monoamine endings. In order for the 
^ polyamide to contain a monoamine ending, it suffices to use a chaln-limtler of fomula 



in Which: 

■ is hydrogen or a linear or branched alkyt group containing up to 20 carbon atoms, 

Rfi is a group containing up to 20 linear or branched alkyl or alkenyl carton atoms, a saturated or unsaturated 
Cycloaliphatk; radical, an aromatic radical or a combination of the above. The limits r can be, for example, laur- 
ylamine or oleylamine. 

55 [0079] Advantageously. (C4) is a PA-6. a PA-11 or a PA-12. The proportion of C4. (n C3 + C4 by weight is advanta- 
geously between 0. 1 and 60%. The reaction of (C3) with {C4) is preferably carried out in the molten state. For example , 
(C3) and (C4) can be blended in an extaider at a temperature generally of between 230 and 250*C. The average 
residence time of the molten material in the exirudercan be between 1 0 seconds and 3 minutes and preferably between 
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1 and 2 minutes. 

[0080] Ab regards the third fortn, the propc3rtions are advantageously as follows Iby weight): 

60 to 70% of poly amide. 
5 5 to 15% of an ethylene-allcyi (meth)acrylate-mateic anhydride copolynrter 

[0081J The remainder is a polyethylene of LLDPE, VLDPE ormetallocene type; advantageously, the density of this 
polyethylene is between 0.B70 and 0.925, and the MFI is between 0.1 and 5 (1dO*C * 2.13 kg). 
[0Q82J Advantageously, the ethylene-alkyi (meth)acrylate-maleic anhydride copolynners comprise from 0.2 to 1 0% 
to by weight of maleic anhydride, up to 40% and preferably 5 to 40% by weight of alkyi (meth)acrylate. Their MF! is 
between 2 and 1 0O (1 90"C - 2.1 6 kg). The alkyt (merh)acfylAtcs have already been described above. The melting point 
is between 80 end 120'C. These copolymers are commercially avHilnbio Thoy are produced, by rati teal-mediated 
polymerization at a temperature which can be between 200 and 250C D^r 

[0083] As regards the fourth fomn, the proportions arc Hdvaniagoousiy as lollows (by weight): 
15 [0084] According to a first variant: 

60 to 70% of the mixture of potyamkje and oT copolymer containing polyamida blocica anc polyether blocks, 
6 to 15% Of an ethylene-alkyi (meth)acrylate-fnaleic anhydride copolymer, 

so the remainder is a polyethylene of LLDPE, VLDPE or metallocene type; advantageously, its density ts between 0.870 
and 0.925. and the MFI is between 0.1 and 5 (190'C - 2.16 kg). 

[OOaS] Advantageously, the ethylene-aikyi (meth)acrylate-malete anhydride copolymers comprtae from 0.2 to 1 0% 
by weight of maleic anhydride, up to 40% and preferably 5 to 40% by weight of alkyt (meth>acrylate. Their MFI is 
between 2 and ICO (1 90°C - 2.1 6 kg). The atkyi (meih)acryiatcs have already been deacribod abovo. The melting point 
ss i« between 80 and lao'C. Those copolymers are commercially available. They are produced by radtoal -mediated 
polymerization at a prefisure which can be between 200 and 2500 bar 
[0086] According to a second vartant: 

40 to 95% of the mixture of polyamide and of copolymer containing potyamlde blocks and potyether blocks, 
30 80 to 5% ot a mixture of an ethytene-alkyi (meth)acrylate-malek; anhydride copolymer and of an athylene-alky) 

(meth)acrylate-9!ycidyl methactylat© copolymer. 

[0087] The copolymer with the anhydride was defined in the first variant. The ethylene-alkyi (melh)acrylat©/ gl/cidyl 
methacrylate copolymer can coniain up to 40% by weight of alkyI (meth)scrylate, advantageously from 5 to 40%, and 

35 up to 1 0% by weight of unsaturated epoxide, preferably 0.1 to 8%. Advantageously, the alkyI (me(h)aerylate is chosen 
from methyl (meth)acryiate, ethyl acrylate. n-butyl ecrylate, isobutyi acrylate and 2-ethylhexyl acrylate. The amount of 
alkyi (meth)acrylate is preferably from 20 to 35%. The MFI is advantageously between 5 and 1 00 (in q/1 0 min at 1 90*C 
under 2.16 kg) and the melting point is between 60 and 110*C. This copolymer can be obtained by radical -mediated 
potymertzation oi the monomers. 

40 [0088] Catalysts can be added to accelerate the reaction between the epoxy and anhydride functions. Among the 
compounds capable of accelerating the reaction between the epoxy function and the anhydride function, mention may 
be made In particular of; 

" tertiary amines such as dimethyllaurylamine, dimethylstearylamine, N-butylmorpholine, N.N-dimethylcyclohexy- 
45 lamine; benzyldlmethylamlne, pyridine, 4*dlmethylamlnopyrldlne, 1 -methyllmldazole, tetrameihylethyl hydrazine, 

N,N-dimethy1plpera2lne, N,N,N',N'-tetramethyl-1,6-hexanedlamlne, a mixture ot tertiary amines containing from 

16 to 18 cart>on atoms, known under the name dimelhyltaitowamlne, 

tertiary phosphines such as trlphenylphosphine 

zinc alkyldithiocarbanrkates 
$Q • acids. 

[0089] The preparation of the mixturee of the third layer can be carried out by mixing togothorthe varioue constituents 
in ths molten state In the apparatus usually used in the thermoplastc polymer industry. 

lOOW] The first layer can consist of a layer of virgin HDPE and a layer o* recycled polymers obtained from scrape 
53 from the manufacture of the transfer or storage devices or of these non-compliant devices as explained in the prior art 
already mentioned. This recycled layer is located on the binder layer side. In the text hereinbelow these two layers will 
be denoted for simplicity by the term lirst layer". 

[0091] The thickness of the first layer can be between 2 and 10 mm. that of the second layer between 30 and 500 
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[im and that of the Third layer between 30 nm and 2 mm. The total thickness is usually berwaen 3 and 1 0 mm. 
[0092] A layer of binder can also be placed between the second and the third layer. By way Of examples Of binders, 
mention may b made of th functionallzed polyolofins (B1 ) described above. The binder between the first and second 
layer and that between the second and third layer may be identical or different. In the descriptions below of binders. 
s the term "polyethylene" denotes both homopolymers and copolymers; such products have been described earlier in 
the poiyotefins of the third layer. 

[0093] As a first example of a binder, mention may be made of the mixture of co-grafted (C1 ) and (C2) described 
above in the first preferred form of the third layer 

[0094] As a second example of a binder, mention may be made of mixtures comprising: 

10 

5 to 30 parts of a polymer (D) which Iteetf comprises a mixture of a polyethylene (D1) with a dervsity of betwe n 
0.910 and 0.940 and of a polymer (D2) chosen from elastomers, very low density polyethylenes and metallocene 
polyethyteneB, the mixture (D1) ^ (D2) being co-grafted with an unsaturated cartoxylic acid, 

. 95 lo 70 parts of a polyethylene (E) with a density of between 0.91 0 and 0.930, 
i5 . the mixture of (D) and (£) being such that: 

• Its density is between 0.910 and 0.930, 

• the content of grafted unsaturated cartoxylic acid is between 30 and 1 0.OOO ppm, 

• the MFi (ASTM D 1238 - tWC - 2.16 leg) is between 0.1 and 3.g/10mln. The MFI denotes the mell Now index. 

[OOdS] The density of the binder ts advantageously between 0.916 and 0.920. Advantageously, (01) and (E) are 
LLDPEs, and preferably have the same comonomer. This comonomer can be chosen from 1-hexene, i-octene and 
1-buteno. 

[O096] As a third examplo of a binder, mention may be made of mixtures comprising: 

6 to 30 parts of a polymer (F) which Itsetf comprises a mixture of a poiyethytene (F1) with a density of between 
0.S35 and 0-980 and of a polymer (F2) chosen from elastomers, very low density polyethylenes and ethylene 
copolymers; the mixture (F1) * (F2) being cso-grafted with an unsaturated carboxylic acid, 

95 to 70 parts of a polyethylene (G) with a density of between O.MO end 0-950, 
30 - the mixture of (F) and (G) being such that 

• iis density Is between 0.930 and 0.950 and advantageously between 0.930 and 0.940, 

• the content of grafted unsaturated cartjoxyiic acid Is between 30 and 10,000 ppm, 

• the MFI (melt flow index) measured according to ASTM D 1238 at 1 90*C - 21 .6 kg is between 5 and 1 00. 

3S 

[0097] As a fourth example of a binder, mention may be made of polyethylene grafted witli mateic anhydride, 
having an MFI of 0.1 to 3, a density of between 0.920 and 0.930 and containing 2 to 40% by weight of insolubies in n- 
decane at 90"C. To detemiine the insolubles in n-decane, the grafted polyethylene is dissolved in n-decane at 140*C. 
the solution is cooled to 90"C and products precipitate; th© mixture is then filtered and the insolubles content is the 
40 percentage by weight which precipitates, and is collected by filtration at 90*C. If the content is between 2 and 40%, 
the binder has good resistance to petrol. 

[0098] Advantageously, the grafted polyethylene is diluted in a non-grafted polyethylene and such that the binder is 
a mixture of 2 to 30 parts of a grafted polyethylene with a density of between 0.930 and 0.980 and from 70 to 98 parts 
of a non-grafted polyethylene with a density of between 0.910 and 0.940, preferably between 0.915 and 0,935. 
[0099] As B fifth example of a binder, mention may be made of mbctures comprising: 

• 50 to 1 00 parts of a pglyethyiene homo- Or copolymer (J) with a density of greater than or equal to 0.9, 

• 0 to 60 parts of a polymer (K) chosen from polypropylene homo- or copolymer (K1). poly(l -butane) homo- or 
copolymer (K2) and polystyrene homo- or copolymer (K3), 

*o • the amount of (J) ♦ (K) being 1 oO parts, 

• the mixture of (J) and (K) being grafted with at least 0.6% by weight of a functional monomer. 

• this grafted mixture itself being diluted in at least one polyethylene homo- or copolymer (L) or in at least one potymer 
of elastomerto nature (M) or in a mixture of (L) and (M), 

S5 [0100] According to one fomi of the invention, (J) is an LLDPE with a density of 0.91 to 0.930, the comonomer 
contfllning from 4 to 8 carbon atonns. According to another form of the Invention, (K) is an HOPE advantageously with 
a density of at least 0.946 and preferably from 0.950 to 0.980. 

[0101] Advantageously, the functtonaJ monomer Is maleic anhydride and Its content is from 1 to 5% by weight of (J) 
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+ (K) . 

[01021 Advantageousfy. (L) is an LLOPE in which rhe comonomer ontains rrom 4 to 8 carbon atoms and, preferably, 
its density 'a at least 0.9 and pref rably 0.91 0 to 0.930. 

[01 03] Advantageously, the amount of (L) or (M) or (L) + (M) is from 97 to 75 parts per 3 to 25 parts of (J) + (K). the 
5 amount of (J) + {«) + (L) + (M) being 100 parte. 

[0104] As a sixth example of a binder, mention may be made of mixtures consisting Of a polyethylene of HOPE. 
LLDPE, VLDPE or LDPE type, 5 to 35% of a grafted nrketallocene poiyethyiane and 0 to 36% of an elastomer, the total 
being 1 00%- • 

[0105] As a aeventh example of a bind«r» mention may be made of mixtures comprising: 

io 

at least one polyethylene or an ethylene copolymer, 

at least one polymer chosen from poiypropylane or a propylene copolymer, paly(1 -butene) homo- or copolymer, 
polystyrene horTK>- or copolymer and preferably polypropylene, 

1^ this mixture being grafted with a functional monomer, this grafted mixture itself optionally being diluted in at least one 
polyolefin or in at least one polymer of elastomerlc nature or In a mixture thereof, in the above mixture which ia grafted, 
the polyethylene advantageously represents at least 50% of this mixture and preferably 60 to 90% by weight. 
[0106] Advantageously, the functional monomer Is chosen from cartoxylic acids and derivatives thereof, acid chlo- 
rides, isocyanates, oxazo lines, epoxides, amines or hydroxides and preferably unsalurated dicarboxyllc add anhy- 

so drides. 

[0107] As an eighth exampla of a binder, mention may be made of mixtures comprising; 

- at least one LLDPE or VLDPE polyethylene 

St least ono elastomer based on ethylene chosen from ethylane-propyleno copolymers and ethylene-butene co- 
25 polymers 

this mixture of polyethylene and of alastomar being grafted with en unsaturated carboxylic acid or a functional 
derivative of this acid 

this co-grafted mixture optionally being diluted in a polymer chosen from polyethylene homo- or copolymere and 
styrene block copolymers the binder having 
oo • • . 

(a) en ethylene content which is not less than 70 mol% 

(b) a content ot carboxylic acid or of its derivative of from 0.01 to 10% by weight of the bindar and 

(c) an MFI^(/MFl2 ratio of from 5 to 20, in which MFIg is the mass melt flow index at 1 90"*C under a load of 
2.16 kg, measured according to ASTM D 1238, and fWtFho » the mass melt flow index at 190*C under a load 
of 10 kg, according to ASTM D 1238. 

[010B] The various layers in the sauaure of the invention, including the layers of binder, can also contain at least 
one additive chosen from: 

40 - fillers (mineral fifl ens, flame- retardani fj Hers, etc): 

- fibres; 

- dyes; 
pigments; 
optical brighteners; 

49 . entioxIdantE; 

- UV stabfllzers. 

[Examples] 

so [01 OB] The following products were used: 

[0110] EVOH D: ethylene- vinyl alcohol oopolymer containing ^ mol% of ethylene. MF| a (210*C - 2.16 Kg), melting 
point 18S»C, crystallization temperature 163*»C, Tg (glass transition temperature) 62*0- 

[0111] Mixtures ware prepared of polyamide and of polyolefin for the third layer, known as Orgalloy®, and were 
made from the following products: 

55 

Potyamldea <A) 

[01 1 2] PA1 : Copolyamide 6/6-6 of medium viscosity with a melting point of 1 96'C and a flow index ot 4.4 g/1 0 min 
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according to ASTM 1238 at 235*C under r weight of 1 kg. 

PA 2 : Copotyamide 6/6-6 of medium viscosity with a metting point of 1 96'C and a flow index of 6.6 g/1 0 min accordirg 
to ASTM 123a at 23S*C under a weight f 1 kg. 

5 Pelyolofins (B2) 

[0113] LLDPE: Linear low density polyethylene with a density of 0.92O kg/1 according to ISO 1872/1 and a flow index 
of 1 g/1 0 min according lo ASTM 1 298 at 1 90"C under a weight of 2.1 6 kg. 

HOPE: High density polyethylene wrth a deneity of 0.952 kg/I according to ISO 1872/1 and a flow index of 0.4 g/1 0 min 
10 according to ASTM 1238at 190*C under a weight of 2. is kg. 

PolyoJeflna (B1) 

[0114] Bl'1: This is a carrier PE witti a content of 300C ppm of mHicic nnnyonde and having a flow index of 1 g/io 
IS min according to ASTM 1236 at IdO'^C under a weight of 2.16 kg. 

Antioxidants 

[01 1 5] Ann 1 : Anlloxidant of hindered phenolic type. 
so Anti 2 : Secondary antioxidant of phosphite type. 

[01 16] The copolyamide, the potyolefin and the functional polyoiefin are introduced, via three independent weight- 
metering devices (or by simple dry-premixing of the various granulates), into the hopper of a Wemer-Pfleiderer co- 
rotating twin-acrew extruder with a diameter of 43 mm, UD ^ 40 (9 aleeves 4 struts, i.e. a total length of 10 sleeves). 
The totai flow rato of the extruder is 50 kg/h and the spin speed of the screws is 1 50 rpm and the material temperatures 
at sleeves 3/4, 6/7 and 7/fi and at the die outlet are, raepactively, 245, 263, 265 and 276^0. The extruded nods ara 
granulated and than ovsn-dried under vacuum for 8 hours at aO'C. The compositions are given in Table 1 betow 
(proportions by weight): 



TABLE 1 



Product 


Org alloy CI 


Orgalloy C2 


OrgaiJoy C3 


Orgalloy C4 


PAl 


64.3 


64.3 






PA2 






64.3 


64.3 


LLDPE 


27 




27 




HOPE 




27 




27 


B1-1 


8 


8 


8 


8 


AntM 


0.5 


0.5 


0.5 


0.5 


Anti 2 


0.2 


0.2 


0.2 


0.2 



[0117] Orgalloy® 1 : mixture of poiyamida 6 and of polyoiefin conresponding to the third preferred form of the third 
layer and consisting (by weight) of: 

65 parts of PA 6 

25 parts of linear low density polyethylene of MPI 0.9 g/10 min and density 0.920, 

10 parta of a copoiymer of ethylene, of butyl acryiate and of maleic anhydride in proportions by weight of 91/6/3 
and of MF! 5 (1 90»C - 2.16 kg) 

[01 IS] The binders described in the section 'Second example of a binder" are referred to as binder 2a • binder 2d, 
and their details are given in Table 2 below. 
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Ctolms ' 

1. A fuel tank havfng a structure comprising, successively: 

5 - a first layer of high density Dolyethylene (HOPE), 

a layer of binder, 

Q second layer of EVOH or of a mixture based On EVOH, 

- optionally a third layer of polyamide (A) or of a mixture of polyamide (A) and polyolefin (B), 

10 2. The fuel lank of claim 1 , the structure further comprising a layer of birider between the second and the third layer. 
3. TTie fuel tank of claim 1 or 2, whenaln the binder comprlaea: 

- 5 to 30 parts of a poiymer (D) Which ftself comprises a mixture of a polyethylene (D1) with a density of between 
15 0.910 and 0.940 and of a polymer (D2) chosen from elastomers, very low density polyethylenea and metah 

locene polyethylenes, the mixture (D1) + (02) being co-grafted with an unsaturated cartioxylic acid, 
95 to 70 parts of a polyethylene (5) with a density of between o.sto and 0.930, 

- the mixture of (D) and (E) being such that; 

£0 • its density is between 0.d10 and 0.930, 

• the content of grafted unsaturated carboxytto acid is between 30 and 1 0,000 ppm, 

• the MFI (ASTM D 1238 - 190»C - 2.16 kg) is between 0.1 and 3 g/10 min, the MFl denotes the melt flow 
index. 

25 4. The fuel tank of claim 3, wherein ihe density of the binder is between 0,91S and 0.920. 

5. The fuel tank of claim 3 or 4, wherein Ol and E are LLDPEs which have the same comonomer 
e. The fuel tank of claim 1 or 2- wherein the binder compriaes: 

JO 

- 5 to 30 parts of a polymer (F) which itself comprises a mixture of a polyethylene (F1 ) with a density of between 
0.935 and 0.980 and of a polymer (F2) chosen from elastomers, very low density polyethylenes and ethylene 
copolymers, the mixture (F1) + (F2) being co-grafted with an uneaturated carboxylic acid, 

95 to 70 parts of a polyethylene (G) with a density of between 0.930 and 0.9S0, 
35 - the mixture of (F> and (G) being such that: 

• its density is between 0.930 and 0.9S0, 

• the content of grafted unsaturated carboxylk: acid is between 30 and 10,000 ppm, 

• the MFI (melt flow Index) measured according to ASTM D 1238 at 1 90*C - 21 .6 kg is between 5 and 1 00. 

7, The fuel tank of claim 1 or 2, wherein the binder is a polyethylene grafted with maleic anhydride, having an MFl 
of 0.1 to 3, a density of between 0.920 and 0.930 and containing 2 to 40% by weight of insolubles In n-decane at 

49 81 The fuel tank of claim 7, wherein the grafted polyethylene is diluted iri a non-grafled polyethylene and such that 

the binder Is a mixture of 2 to 30 parts of a grafted polyethylene with a density of between 0.930 and 0.980 and 
from 70 to 98 parts of a non-grafted polyethylene with a density of between 0.910 and 0.940. 

$. The fuel tank of claim 1 or 2, wherein the binder is a mixture consisting of a polyethylene of HOPE, LLDPE, VLDPE 

50 gr LDPE type, 6 to 35% of a grafted metallooene polyethylene and 0 to 36% of an elastomer, the total being 1 00%. 

10. The fuel tank of one of claims 1 to 9, wherein the polyamide of the third layer is a copolyamide. 

11. The fuel tank of one of claims 1 to 10. wherein the polyoiefin (B) of the third layer comprises (i) a high density 
35 polyethylene (HOPE) and (il) a mixture ot a polyethylene (CI ) and a polymer (C2) chosen from elastomers, very 

low danshy polyethylenes and ethylene copolymers, the mixture (C1 ) + (C2) being co-grafted with an unsaturated 
carboxylic acid. 
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12, The fuel tank of ona of dfti/ns 1 to 10, wherein the polyotefin (B) of rh^thircr layer comprises (i) poiypropylene and 
(ij) a poiyoliafin which results from th reaction of a polyamide (C4) with a copolymer (C3) comprising propylene 
snd a graded or copolymerized unsaturat d mononrter X. 

5 13. The fuel tank of one of dBims 1 to 10. wherein the polyolefin (B) of the third layer camprises (i) a polyethylene of 
LLDPE, VLOPE or metallocenetype and (li) an ethylene-alkyi {meth)acrylate-maleic anhydride copolymer, 

14. The fueJ tank of one of claims 1 to 10, wherein the polyamide (A) of me third layer is chosen from mixtures of (I) 
polyamide and (ii) copolymer containing PA 6 blocks and PTMG blocks and mixtures of (i) polyamide and (ii) 

10 copolymer containing PA 1 2 blocks and PTMG blocks; the ratio o1 the amounts Of copolymer and of polyamide by 

weight being between 10^0 and 60/40. 

15. The fuel tank of claim 14, wherein the polyolefin (B) of the third layer comprises (i) a polyethylene of LLDPE, 
VLDPE or metailocene type and (ii) an ethylene-alkyi (meth)acrylats-maleic anhydride copolymer. 

75 

16. The fuel tank of claim 14. irv which the polyolefin comprises two functionalized polymers comprising at least 50 
mol% of ethylene units and which can react to form a crossllnked phase. 

17. The fuel tank of one of claims 1 to 1 6, wherein ihe harrier layer consisting cf the second or of a combination of the 
^ second and the third layer » in direct contact with the fuel. 
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